
RESEARCH MEMORANDUM 

THE USE OF' AREA SUCTION FOR IMPROVING THE LONGITUDINAL 

CHARACTERETICS OF A THIN UNSWEPT WING-FUSELAGE 

MODEL WITH LEADING- AND TRAIIJNG-EDGE FLAPS 

By David G. RoenigJ 

Ames Aeronautical Laboratory - -  

Moffett Field, Calif. " 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
JUy 10, 1956 , 



XACA RM A56D23 
- - 

NATIONAL ADVISORY C O W -  FOR PERONAUTICS . 

SUMMARY 

A n  investigation was conducted to determine  the  effect of porous 
area suction  applied t o  the knees of --span leading-edge  and part-span 
trailing-edge f l aps   i n s t a l l ed  on an unswept-wing airplane model. The wing 
was of aspec t   ra t io  3 and  had a modified double-wedge sect ion with a thick- 
ness  of  4.2-percent  chord.  For a brief test, an unswept horizontal tail 
was i n s t a l l ed  on the model 0.62 semispan  above the  extended wing-chord 
plane. Most of the t e s t s  were made at a Reynolds number of 9 . k l O S  and a 
Mach number of 0.11. 

A t  an angle of a t tack of Oo, application of area suc t ion   to  the 
trailing-edge  flap  approximately doubled the  trailing-edge-flap l i f t  incre- 
ment. The suction f l o w  requirements of the t ra l l ing-edge  f lap were close 
t o  predictions  based on data oatained with 8 35' swept-wing model. For 
angles of a t tack akove Oo, leading-edge f lap   def lec t ion  was required to 
limit leading-edge  flow  separation which appeared on the undeflected 
leading edge and which caused loss in trailing-edge-flap lift increment. 
For the model with the  tail of f ,  the use of boundary-layer  control on the 
trailing-edge flap  increased  destabil izing pitching-moment  changes. How- 
ever ,   ins ta l la t ion of a horizontal t a i l  markedly  reduced these  adverse 
pitching moments. 

INTRODUCTION 

Designers of supersonic fighter-type aircraft   considering  the use of 
t h in  unsw&pt wings of low aspec t   ra t io  are faced wlth: the problem of 
choosing effect ive  high-l i f t   devices   for  use at landing  and  take-off. 
Wind-tunnel tests made at low speed on small-scale models equipped  wlth 
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thin  unswept wings are  reported  in  references 1. ant3 2. In these  investi- 
gations,  results  were  obtained  using  plain,  slotted,  or  split  trailing- 
edge  flaps  combined  with plain or slotted  leading-edge flaps. However, 
design  studies  have shown that  it would be desirable  to obtain greater  lift 
coefficients  than  were  obtained with these  types  of wing flaps. 

.I 

It has  been found that  boundary-layer  control  by porous area  suction 
can  be  an  effective  means of improving  lift  effectiveness  of  the  trailing- 
edge  flaps  as  well  as  improving  the  effectiveness of a leading-edge f lap  
in  delaying  leading-edge  separation.  Area  suction was successfully  applied 
to  the  flap  of a 35' swept-wing  model in the  investigation  reported on in 
references 3 and 4. 

In order  to  study  the  effectiveness  of porous area suction  applied  to 
leading-  and  trailing-edge  flaps of a thin  unswept Wng, the  investigation 
reported  herein was undertaken  in  the 40- by 80-foot wind  tunnel.  The w i n g  
of  the  model was similar to that of the  small-scale  models  of  references 1 
and 2, having an aspect  ratio of 3 with  the  three-quarter  chord  line 
unswept.  The w i n g  had  sharp  Leading  edges  and was equipped  with f'ull-span 
leading-edge  flaps and part-span  trailing-edge  flaps.  The  objective of 
the  investigation was the  evaluation of the  use  of  area  suction on both 
the  leading-  and  trailing-edge  flaps; on the  trailing-edge  flaps to 
increase  lift  coefficient  at l o w  wTng  angles of attack,  and on the  leading- 
edge  flaps  to a l l o w  greater  leading-edge-flap  deflection  without f l o w  
separation  at  the  knee of the  flap, thus maintaining  trailing-edge flap 
effectiveness  at  higher  angles of attack. 

NOTATION 

wing span, ft 

wing  chord, ft 

horizontal-tail chord 

mean  aerodynamic  chord, "'C2dy, ft 

drag coefficient, drag 

lift  coefficient, - lift 
qs 

lift  increment  due  to  trailing-edge  flap - L 

t. 
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pitching-moment  coefficient,  computed about the quarter-chord point 

the mean  aerodynamic chord, pitch- 

Q 
w-8 

f l o w  coefficient 

E 
9% 

distance from to hinge  line of horizontal tail, ft 

free-stream  static  pressure, lb/sq f t  

wing surface  static  pressure, Ib/sq ft 

plenum-chamber  static  pressure, lb/sq f t  

pressure &merentid across porous material, Ib/sq f t  

wing-surface  pressure  coefficient, P - P, 
%Q 

plenum-chamber  pres sure coeff icfent , pp - pm 
%I 

free-stream dymmtc pressure, Ib/sq ft 

quantity of air removed through porous surface based on standard 
density, cu ft/sec 

Reynolds  number, v 

distance along airfoil. Surface f rom reference line to a,€'t edge  of 
porous opening (see fig. 3) ,  in. 

wing area, sq ft 

flap area, sq ft 

wing area  spanned by f l ap ,  sq ft 

free-stream  velocity, ft/sec 

suction i n f l o w  velocity, ft/sec 

distance along a i r f o S  chord, ft 

spaawise distaace from plane of symmetry, f t  

vertical  distance of horizontal tail above the extended wing chord 
plane, ft - 
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a angle of at tack of wing-chord plane, deg 

6 flap  deflection  in  plane normal to  hinge line, deg 

Se deflection of sp l i t   e leva tor   f lap ,  deg 

tl spanwise coordinate, a 
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Y kinematic  viscosity,  Ft2/sec 

A sweep angle of f l a p  hinge line, deg 

Subscripts 

C c r i t i c a l  

n leading-edge f l a p  

f trailing-edge flap 

I inboard 

0 outboard 

T tunnel-wall  correction 

MOIEL IWD APPARATUS 

A photograph of the model as mounted i n  the 40- by 80-foot wind tunnel 
is shown i n  figure 1 and the geometric character is t ics  of the model are  
presented in figure 2. The wing  was of aspect   ra t io  3.0 and taper r a t i o  
0.4 with  the  three-quarter  chord line unswept. The wlng section was a 
symmetrical double-wedge section  modified by rounding the ridge l ine .  The 
wing was combined with a long slender  fuselage which wa8 somewhat under- 
slung with respect  to  the wing. For l imited tests, an unswept horizontal 
t a i l  of aspect   ra t io  4 was mounted a t  a position  62-percent ~ ~ - l n g  semispan 
above the extended wing-chord plane  and at an incidence of -2O. The s ize  
and location of the  horizontal  tail with  respect  to  the wing was as f o l -  
lows: 2 t / c '  = 1.79, Z/(b/2) = 0.62, St/S = 0120. To trim  the model a 
s p l i t   e l e v a t o r   f l a p  was i n s t a l l ed  on the upper  surface of the t a i l .  The 
f l a p  chord was 25-percent t ha t  of the t a i l  chord and extended over the - -  

complete t a i l  span. 
* 

Both leading- and trailing-edge f laps  were hinged near the lower S 
surface  with  the  hinge  lines located on the 15- and  71-percent chord l ines ,  

P 



respectively.  The  trailing-edge f l a p  extended  from  the  fuselage to the 
75-percent  semispan  station;  the  leading-edge f l a p  extended over the f u l l  
exposed wing  span; and the flap-fuselage gaps for both flaps  were  sealed 
for a l l .  flap  deflections. Porous area  suction was applied mer the  knees 
of the  deflected  flaps 

For a brief  test,  short turning vanes were installed on the  fuselage 
near  the  knee of the  trailing-edge flaps. Details of these  vanes are shown 
in  figure 2( c) . 

A drawing of the f l a p  cross  section in the  vicinity of the  hinge line 
of the  flap  is  presented in figures 3(a) and 3(b). The porous surface was 
a perforated  metal  sheet  backed by wool f e l t  and a coarse  xire mesh. The 
metal  sheet was 0.008 inch  thick, had 4225 holes  per  square inch, and was 
11-percent  porous. !Two felt  porosities  were  used  in  the  investigation, 
hereinafter  to  be  referred to as  grades 1 and 2 for  the  more  porous  and 
less  porous  felts,  respectively. For the leading-edge f lap ,  grade 2 felt 
w&6 used  with  the  chordwise  thickness  variation shorn in  figure 3(c) . For 
the trailing-eQe flaps,  both  grades 1 and 2 felt  were  used  wlth  chordwise 
thickness  variations shown in figure 3(d). The  porosities of the two 
grades of felt used are  indicated in figure 3(e) . 'Ilhe extent of porous 
surface  could  be  varied by sealing part of the  porous  surface  with 
pressure-sensitive tape 0.003 inch  thick. 

Pumping  and  Duct System 

A drawing of the  pumping  and  duct  system  is  shown in figure 4. The 
suction air was dram through the  porous  surface into the flaps xhich 
served as ducts  carrying  the  air into the plenum chamber.  After go- 
through  the  pump,  it was expelled  through d a u s t  ducts  located  under  the 
fuselage.  The pumps were  modified  aircraft  engine  superchargers  and  were 
driven by variable-speed  electric  motors.  The  suction  air-flow  quantities 
were measured by finding  the  difference  in  pressure  between  the  air fn the 
plenum chambers  and  in  the pump inlets. The system was calibrated  with a 
standard A.S .M.E, intake  orifice. 

Tests  at V a r y i n g  Angle o f  Attack 

Tests were  made  for an angle-of  -attack  range of -20 to 24O. For the 
m o d e l  with horizontal  tat1 o f f ,  tests  were made with  leading-edge-flap 
deflections of 0' , 31°, 41°, and go, combined  %ith  trailing-edge-flap 

I deflections of 0' , Po. and 60'. 
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Most of the tests were made either  with  area  suction on both  the 
leading- and trailing-edge-flap  knees or without area suction on e i the r  of 
the  f laps .  For a f e w  flap-deflection  combinations,  suction was applied  to 
the  trailing-edge f l a p  but  not to the  leading-edge  flap. For both  the 
leading- and trailing-edge f laps  with area suction,  testing a t  varisble 
angle of at tack was done with 8 constant pump speed. The pump speeds used 
were those  required  to produce suction  flow.quantities  approximately 100 
percent and 30 percent  greater  than the cr i t ica l   f low  quant i ty   for   the  
leading- and trail ing-edge  f laps,   respectively.  (For def ini t ion of CQ, 
see subsequent  discussion.) Porous area configurations f o r  which data are 
presented  herein are l i s t e d   i n   t a b l e  I.. T o .  expedite testing, no attempt 
was made t o  maintain the same porous mea configuration for all variable- 
angle-of -attack t e s t s .  This procedure is bel ieved  just i f ied  s ince It - 
found t h a t  lift was f a i r l y  independent o f  small changes in porous opening 
and porosity for the  large porous  opening and excess flow quantities  used. 
All suction-off data were obtained  with  the porous surfaces  sealed. 

. 
U 

A l imited test was made on the model for S, = &lo and 61 = 60° with 
the unswept horizontal tai l  ins ta l led  at -20 incidence. 

Force and moment data, as well as duct a d  plenum-chamber pressures, 
were obtained  for all suction-on  configurations  investigated. For some of  
the  configurations,  external wing chordwise pressure  distributions were 
obtained. 

Tests a t  Constant Angle of Attack 

Force and moment data were obtained for the model with varyLng f Low 
quantit ies at given  apgles  of.  attack i n  order to. de3.e.nniae.. CQ f o r  
various porous area  configurations. The data were usually determined by 
decreasing  the  flow  quantity from a high  value t o  a low value. To check 
hysteresis   effects  on the lift character is t ics ,  data were W e n  with 
increasing  values of CQ in  several   cases and no significant  difference6 
were obsemed from data  obtained with decreasing  values of CQ. 

In  attempts t o  reduce  the  suction air f l o w  required, the extent of 
porous area was varied f o r  the trailing-edge flaps. For the  leading-edge 
f l ap ,  only  grade 2 f e l t  was used. For the wo deflected  trailing-edge 
f lap ,  only grade 1 felt was used. For the &lo t ra i l ing-edge  f lap,   in  
addi t ion  to  grade 1 f e l t ,  grade 2 f e l t  and combinations of the two types 
of f e l t   ove r ' t he  span of the   f lap  were investigated as a means of  reducfng 
flow requirements. 

1 

t 

Additional tests t o  determine the ef fec t  of airspeed on the  suction 
* flow  requirements of the  trailing-edge f l a p  were made for 6n = bo and 

6f = W0 and one prous area configuration. The.se vwiable CQ t e s t s  were a 
made at about Oo angle of attack and free-stream  velocities of 130, 159, 
and 183 feet per  second. 

& 
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- Test  Conditions 

* The  Reynolds  number of the tests,  aside f r o m  the t e s t s  with  the  higher 
f ree-stream  velocities  mentioned  above, was 9 .4x106 mich corresponded to 
a dynamic  pressure of 20 pounds per square f o o t  and a Mach nmber of 0 .U. 

All data  were  corrected  for  air-stream inclination and for dnd-tunnel 
wall.effects, the latter correction  being that for a wing of the same span 
having  elliptic l o a m  and with a,n unswept plan form. The corrections 
added  were  -as"follows: 

For the data with the horizontal tail  installed, a correction f o r  
additional  downwash a t  the  hinge l i ne  o f  the  tail (at the model plane of 
symmetry) was made as follows: 

CmT = 0-0139 cL 

Tares  due to support strut interference  were  not  applied. 

All f low coefficients  were  corrected to standard  sea-level air condi- 
tions.  The  effect of the  thrust of the exhaust je ts  on the  aerodynamtc 
data was found to be negligible. 

RESULTS ANT) DISCUSSION 

The Efect of Leading- and Trailing-Edge  Flap  Deflection 

The force  and moment characteristics of the model (tail off) f o r  
several combLnations of leading- and trail--edge-flap  deflections  are 
presented in figures 5 and 6 f o r  the model without and wlth  area  suction 
applied t o  both leading- and trailing-edge flaps. Chordwise  pressure 
distributions f o r  three spanwLse stations  are  presented in figures 7 and 
8 for the model with and without  the leading-eage f l a p  deflected. For 
S, = 41° a d  6f = 60°, chordwise  pressure  distributions for several span- 
wise stations a&e presented in figure 9 for four angles of attack. (All 
pressure  data for the  leading-edge flap, wing, and trailing-edge  flap 

I were  plotted in direct&ns normal to the  respective  chord  lines.)  The 
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approximate  values of CQ and Pp corresponding to the constmt pump 
speeds  held  throughout  the  angle-of-attack  range  for  the various model 
configurations  are l i s t ed  in table II. 

Flap lift  increments.-  For  the model with  the  leading-edge flaps 
undeflected,  the  variation of trailing-edge-flap  lift  increment  with  angle 
of  attack  is shown in figure 10. The  pressure  data of figure 7(a) and 
tuft  observations  (not presenkd herein)  show  that  at a = Oo leading- 
edge flow separation-has  occurred..  Wlth  increasing  angle of attack  above 
Oo, the  chordwise  extent of the  leading-edge f low separation  increased and 
resulted  in a rapid  decrease in trailing-edge-flap  lift  increment. Aa is 
shown  in  figure 10, for angles of attack up to that of C h ,  these 
decreases  in ACL were  caused  essentially  by LOSB in  boundary-layer con- 
trol.  Therefore,  leading-edge f low separation  must  be  controlled  before 
any  substantial  boundary-layer  control  effectiveness  is t o  be  realized on 
the  trailing-edge  flap  for  this type of ving in the  medium  to htgh'angle- 
of -attack  range. 

To s t u d y  the  effect af controlling  leading-edge f l o w  separation,  the 
leading-edge  flaps  were  deflected  with  and Wthout area euction. For the 
model with the  leading-edge  flap  deflected,  the  variation  of  trailing-edge- 
flap  lift  increment with angle of attack is shown in  figure U. Substan- 
tial flap  lift  increments  with  suction  off  and on were  maintained  up  to 
angles of attack of 16O or  more  The  pressure data of figures 7 and 8 
demonstrate  the  effectiveness of the  leading-edge  flap with area suction 
in  delaying  the  chordwise  progression  of f l o w  separation  from  the  leading 
edge.  Even  though  the f l o w  separat-lan  does appear on the  leading  edgeJ 
attached flow is maintained  over  the  knee of the  leading-edge  flap up to 
high  angles of attack. As shown  by  the  pressure  data of figure 8, the 
trailing-edge-flap  lift  increment does not  drop  radically untfl. an angle 
of  attack is reached  (close  to  that of Cb.& where flow separation 
spreads  over  the  leading-edge  -flap  knee. 

Y 

High-lift  characteristics.- For the model wlth  area  suction  applied 
to  the  trailing-edge  flaps,  it was found  that  the  leading-edge  flaps  were 
needed  to  obtain a value of C h  substantially  grea-ber  than  the value 
of CL found  for CG = Oo. Values of C b  for  the  model  with  the  tail 
off obtained WLth several  flapdeflection  cmbinations  are  listed in the 
following table : 
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50 

on 60 
O f f  60 
on 50 
Off 

0 off 
0 off  

50 Off 

50 on 
60 

on 60 
on 60 
off 

Suction 

Off 
0 

off 0 
off  0 
off  0 
Off 

41 off 
41 on 
41 Off 
41 on 
41 
41 

off 
O f f  

I 41 on 

1.24 
1.30 
1.24 
1-30 
1.21 
I .29 
1.45 
1.76 
1.43 
1.60 
1,78 

A comparison of the  values shown i n  the  table  indicates  that . l i t t l e  o r  no 
increase In & was obtained by increasing  the  trailing-edge-flap 
deflection from 50° t o  60° f o r  any of the leading-edge-flap c o d t i o m  
considered. However, a 35-percent increase i n  C b  was obtained by 

deflecting  the leading-edge flap wTth area suction f o r  the model with area 
suction  applied t o  the  deflected  trailing-edge f laps .  

The variation of  C h  with En is  shown i n  figure 12 for  the two 
I - 

trailing-edge-flap  deflections. The figure demonstrates the decreasing 
advantage of higher  leading-edge-fhp  deflections as S, approached 50°. 

Figure 1-3 shows the  effect of applying area  suction to the  leading- 
edge flap on the lift characteristics of the model. For angles of attack 
up to 8O, little, if any, added lif't due to suction was obtained f o r  either 
the 31' or 4.1' leading-edge-flap deflection. For angles of attack above 
8O, the advantage of area  suction was appazent o n l y  for  the 41° leading- 
edge-flap Wlection. 

Comparison with theory.- The trailing-edge-flap  effectiveness i s  
summarized in figure 14  f o r  the model at a -= Oo . The experimental data 
from  which the  values  presented i n  figure 14  were taken were obtained  with 
approximately 50-percent excess suction a i r  f l o w .  Also presented in the 
figure i s  the  variation o f  f l a p  effectiveness with f l a p  deflection  as 
predicted by the  iheory of reference 5.  The d u e  of % used f o r  the 
calculations was the  theoretical value o f  0.65 taken from figure 3 of that 
reference. With the nose f l a p  deflected 41°, appwng  area  suction to  the 
trailing-edge  flap  increased  the flap lift increment from 48 t o  g l  percent 
of  theory for sp = 50° and f r o m  44 t o  81 percent of theory for Sf = 60°. 

Sources of loss i n  f l a p  1Lft.- Two regions on the  trailing-edge f l a p  
existed at which the f l o w  could not be  attachea using area suction and 

-. " ". 
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which  evidently  contributed  to  the  discrepancy  between  the  suction-on 
experimental  data  and  the  corresponding  theoretical  values. Early in  the 
investigation,  it was found  from  tuft  observations &d pressure  measure- 
ments  that f o r  spanwise stations  between = 0.45 and 0.60, a considerable 
amount of separated f low occurred  on  the  flap  even  at  high  suction flow 
quantities.  Boundary-layer measurements showed  that  just forward of the 
porous area,  large  values of the  boundary-layer  shape  parameter  (ratio of 
displacement  thickness  to momentum thickness  of  the  boundary  layer)  existed 
at  these w i n g  stations  compared  to  the  values  found  at  other  spanwise 
locations.  Insufficient  suction in f low velocity  over  the  porous  area in 
this  region was the  probable  cause f o r  the f l o w  separation on the  flap. 
The  other  regton of  separated f low existed  adjacent to the  Fuselage  and, 
as  explained f n  reference 6, was evidently  caused by the  low-energy  air  in 
the  Rzselage  boundary  layer  not  being  able  to  negotiate  the high adverse 
pressure  gradient  induced by the  presence of the  knee of the  flap. 

- 
" 

* 

Use of turniw vanes.- To improve flow over  regions on the f lap  near 
the  fuselage, turning vanes  were  installed for a brief part of  the  test  at 
the  knee of the f l a p  as  suggested  by  the  information  in  reference 6 .  The 
span of the  vanes  (approximately 5 inches) was slightly  larger  than  the 
thickness of the  fuselage boundary layer  at  that  point.  The  effect of 
vanes on the  lift  characteristics of the model for S, = 41° and 8f = 60° 
is  shown in figure 1-5. The  triple  vanes  increased  the  flap  lift  increment 
from 81 percent  to 92 percent of the  theory of reference 5 (see ffg. 14) , 

Suction  Requirements 

Trailing-edge flaps.- Typical  vsriatlons of  ACL versus CQ are  shown 
in  figure 16 for. 8f of Wo and 60'; the  curves  represent porous area 
configurations  for  which  the f l o w  requlrements  were  found  to  be  close to 
the  minimum  obtained  for  the  corresponding  flap  deflection. For both  flap 
deflections,  data  are  shown  which  were  obtained  with  the  more  porous  felt 
(grade 1) . Also shown in figure 16 are  data  representing the best porous 
area  configuration  used  during an attempt  to  reduce  the f l o w  requirements 
by  changing  the  spanwise porosity distribution. It may be  seen fmm the 
figure  that  there  is a cri-t;icd  value of f l o w  coefficient  above which 
significant  increases  In lift cannot  be  obtained by any reasonable  fncrease 
of suction  flow  quantity.  The  coefficients  corresponding  to  this  value a r e  
designated  herein  as  the  critical f low coefficients, CQ, and, as in 
reference 3, are determined as the  value at which  the  nearly  linear  part 
of  the  curve  begins.  Values of Cg, were  estimated by use of the  method 
described  in  reference 3' and are Gdicated on the  curves of figure 16. 

lThe  method  outlined i n  reference 3 may be  stated  mathematically  as 

where  reference  values  are  indicated by the subscript I. 
P 
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These estimated values are also compared i n  the following table with the 
approximate experhen= values of the  present  investigation  indicated by 
the data of figure 16. 

50 
.oollo .0013 60 

0 .OOoa o .008 

The experimental  values are those  obtained with the grade 1 f e l t  which was 
of approximately the same porosity as that with which the  reference  data 
used in  the method  were obtained. 

The small effects of  free-stream  velocity on the  variation of  OCL 
wlth CQ and  Pp are shorn i n  f i g q e  17. 

Leading-edge f laps . -  As has been mentioned previously,  suction on the 
leading-edge flaps became necessary for the 41° deflection at angles o f  
attack above go (see fig . 13) . 

The f e l t  design for the  three leading-edge f l a p  deflections  investi- 
gated was of variable porosity chordwise and proved to yield adequate 
boundary-layer control f o r  values of CG as s m a l l  as O.OOO3. Suction 
flow data for the leading-edge flap are not presented  herein but it should 
be  mentioned that values of CQ for both S, = 41° and 5lo at higher 
angles of  attack  varied from 0 .OW2 t o  0 .OOO3. 

Stability  Characteristics of the Model 

Comparison of the suction-on and suction-off pitching-moment data of  
figures 5 and 6 f o r  the tail-off model indicates  that  the use of boundary- 
layer  control by porous area suction causes extreme destabilizing  pitching- 
moment variations,  as well as large negative  pitching moments. 

Results  obtained from brief tests with a thin unswept horizontal tail 
are presented in figure 18. To augment trailing-edge-fhp  effectiveness, 
the  triple-vane  configuration mentioned  above was installed at  the flap. 
In order to  trim the model, a s p l l  flap was installed on the upper  &ace 
of the tail. It is evident that  the  horizonW"tai1  contributes favorably 
t o  the pitching-moment variation of the model. 

- 
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CONCLUDING REMARKS 

The results obtained from tests of an airplane model KLth an aspect- 
ratio-3 unswept wing of th in  wing sec t ion   inaca ted   the  following: 

Application of porous area  suction to  the  trailing-edge f l a p  approxi- 
mately  doubled the f l a p  lift increment  obtained a t  Oo angle of attack. 
With area  suction on the  trailing-edge f lap ,  and with  the  leading-edge 
f lap  def lected 41°, trailing-edge-flap lift increments were obtained whFch 
were 91 and 81 percent o f .  theoretical   values (NACA Rep. 1071) f o r  f l a p  
deflections of 50° and 60°, respectively. The flow requirementx of the 
t ra i l ing-edge  f lap were close to predictions  based on data obtained f r o m  
t e s t s  on a 35O swept-wing model reported  in  TXACA RM ~53~06. 

For angles of  a t tack above Oo, leading-edge-flap  deflection was 
required  to  limit widespread  leading-edge flow separation. The leading- 
edge flow separation which appeared on the  undeflected  leading edge  caused 
large  reductions i n  trailing-edge-flap lift increment. With the trailing- 
edge f lap  def lected 60' (suction on), area suction on the  leading-edge 
flap wa8 not required f o r  a deflection of 31' but was required f o r  the 41' 
f l a p  de f l ec t ion   a t  angles of at tack above 8O. For  the model with  the t a i l  
off, the  use of  boundary-layer  control on the  trailing-edge  flap  increased 
destabilizing pitchinglnoment  changes. However, i n s t a l l a t ion  of a hori- 
zontal ta i l  markedly reduced  these  adverse  pitchfng moments. 
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TABU I.- POROUS AREA COXFIGURATIOMS 
[See figure 3 for notation  description] 

(a)  Leading-edge flap; qI = C) .I? to T~ = 1.0; a = 0’ 

8, 9 
deg Porous area extent 

31 

Total opening, 1.06 inch,  constant along span , 51 
S = 0.5 Inch 41 
T o t a l  opening, 0.88 inch,  constant along span 

(b) Trailing-edge flap 

Porous area Porous area extent FeL-c, 
6, *g 

grade 
spanxise extent Felt 

configuratlon a. deg B qr ‘70 
1 

1 15 .5 in. 12 60 3 
1 *n 15 1.0 in. 15 50 2 
1 0 *75 2.5 in. 0.15 0 50 

5 60 12 3.0 i n .  

2 75 .15 5 percent 12 a L 6 
2 * 7 5  .60 3.0 in. 12 

2 32 15 
4 1 -75 75 = 15 1.5 i n .  12 60 

18 1 .60 32 1.5 in. 

TABU 11.- AVERAGE VALUES OF PLElTOM CHAMBER PRESSUKE AND FLOW 

b a i l i n g  -edge 
porous -area 

:onfiguration 

sealed 
sealed 

2 
2 
2 
2 
6 
4 
4 
6 
2 
2 
2 
5 
6 
3 
3 
4 
4 
5 
s; 

Porous area on flap sealed. 

TGE lcHE A: 
Leadinpa 

CQ 

o .0008 
.om8 

.0008 

.0010 

.om6 

. O W ~  
,0011 

.om8 

.0010 

.0006 

.0006 

.0008 

-0011 
.0006 
.OOO5 

- ”  

”- 

”- 

- “  

- “  

-“ 

-I” .5 
-11.5 

-11.5 
-14.5 
-12.7 

-11.5 

” -  

” -  

-14.5 

-1l.5 
-15 .o 

-11.5 

- ”  

-12 7 

” -  

- ”  

-11.5 

-14 5 
” -  

-12 .O 
-u .5 

” 

L 

CQ 

” -  

” -  

0.0015 
.0014 
.0015 
.0015 
.0017 
,0018 
.0016 
.0017 
.W14 
.0015 
.0015 
.0016 
e 0 0 1 7  
0017 

a 0 0 1 7  . m16 
.0016 
.0016 
.om7 

PP 
” -  

- ”  

-10.6 
-10.5 
-10.6 
-10.5 
-13 * 5 
-14 
-13.2 
-13.6 
-10.5 
-10.6 
-10.5 
-13 .6 
-13 5 
-13.6 
-13.6 
-13.2 
-13.2 
-13 5 
-13.7 

.- 4 
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A-19567 

Figure 1. - View of the model in the Ames 40- by &-foot w3nd tunnel. 
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unless  otherwise  noted 

62.50 I 
I 

Wing Geometry 
Aspect  rotlo 
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Sweep  of  quarter-chord  line 
Dihedral  
Twist 
Area,  square  feet 
Wing sectton 

30 
QA 

I 5 . 9 O  
0" 
0' 

312.5 
42% th ick  modified 

double wedge 

(a) The  complete model. 

Figure 2.- Geometric chamcteristics of the model. 
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(e) Turning vane8 . 
Figure 2.- Continued. 
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Possible extent of 
porous area 

Measured parallel 
to modef  center line 
-003 inch thick 

" 

Hinge line inch above 
lower surface at 15- 
percent chord 

/ v Reference line normal to 
upper surface 

Possible extent of 
porous area 

Measured parallel 
to model center  line 

at 71-percent chord 

(b) Trailing-eage f l a p .  

Figure 3. -  Details of  the porous surface of the model. 
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7 7 -564 to  .802 
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) Pelt thickness distribution for leading-edge flap. Grade 2 felt. 

Figure 3 . -  Continued. 
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(a) Felt thickness distribution for trailing-edge flap. 

Figure 3.- Contfnued. 



(e) Variations of suction inflow velocity with pressure differential acros~ felt,  one-quarter-inch 
thick. 

Figure 3.- Concluded. 
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Reference Llne Reference Llne 

Porous Section 

Figure 4. -  Detafls o f  the model duct a d  pumping sywtem. 
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Figure 5,- %e effect  of leading-edge-flap deflection on the longitudinal characterietics of the 
model without  suction on either the leading- or  trailing-edge f lap.  
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Flgure 5.- Contlnued. 
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Figure 6.- lZle effect of leading-edge-flap deflection on the longitudinal chmacterlstics o f  the 

model with  suctlon on both the leading- and frailtng-cage f laps .  For porous area and suction 
air-flow conditions, see table 11. 
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.2 4 .6 .8 I .O 
x/c 

70 rl 

(a) a = 0.9~ 

Figure 7.- Chordwise  pressure  distributions at three  spanwise stations 
with the leading-edge f l a p  undeflec-kd. For porous area and suction 
air-flow condftions,  see  table 11. The x / c  833,s is broken at the 
value of x/c corresponding to the flap hinge. 
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Figure 7. - C o n t i n u e d .  
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(a) a = 9.0' 

Figure 8.- The e f f ec t  of leading-edge f l ap  deflection on the chordwise 
pressure  dis t r ibut ion"-&t--hh asgles of attack; = wo. For porous 
area and suction air-flow conditions, see tab le  11. The X/. &S IS 
broken a t  values of X/. corresponding to the f lap hinge locations. - 
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Figure 8.- Continued. 
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L.E. and T E. flaps 
Sucfion on 

"" Suction off 
I 

(a) a = 0.9'; q = O.X) t o  0.62 

.62 

rl 

Figure 9 .- The ef fec t  of porous area suction on the chordwise pressure 
distribution o f  the model wtth S, = 41°, 6f = 60'. For porous area 
ana suction air - f l o w  conditions,  see  table II . The = x/c a ~ i s  1s 
broken at values of x/c corresponding to the flap hinge locations. 
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Figure 9. - Continued. 
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L.E. and TE. flaps 

"" Suction off 
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Figure 9.- Continued. 



MCA RM A s D 2 3  39 

-I I 7 

-10 

- 9  

-8 

-7 

-6 

P -5 

-4  

- 
- 

- 
- 
- 
- 
- 

-3 

- 2  

- I  

p LE. and T. E. flaps 

i 
Suction on 

" -Sucf ion off 

k 

.2 4 -6 .8 1.0 
Xk 

. .  

(a) a = 9.0~; q = 0.70 to 0.92 

Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Figure Lo.- The variation of the-trail ing-edge-flap lift increment with 
angle of at tack of the model  wjtth the  leadlng-edge flap undeflected. 
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Figure 11.- The variation of trailing-edge-flap lift increment with 
angle of attack of the m o d e l  uith the leading-edge flaps deflected, 
either with or uithout suction on both leading and trailing-edge 
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Figure 12.- The variation of the C k  with nose flap deflection, 

&; with suc.tion on both leading- and trailing-edge flaps. 
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Figure 13.- Tbe effect of applylng area auction to the leading-eage f l a p  on the  force and moment 
characteristics of the model; Sp = 60°, suction on. For porous area ana suction air-flow 
conaitiona,  see  table 11. 
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ah-flow conditione, see t a b l e  II. 
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Figure 17.- The effect of stream velocity on the suction f l o w  require- 
ments of the trailing-edge f l a p  f o r  S, -= 41° and e = 50°; porous 
area configuration 1; a = 0.8~; suction on leading-edge-flap. 
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